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P \JJLIJ. lIN.A‘L\Y EPOP T

INDJSTRIAL WASvE, STRLAM PO LUTION SURVEY
RJDSm B K?SﬁFKL AJuEﬂIA

DECEIBER 1955

OBJECTIVE

The.Post Engineer, U. S. Army Missile Support Cormand at Dedstone
Arsenal., recuesited the Mobile District of the U. 5. Army Corps of
Engineers to wmalke a comprehensive Investlgation of all facilitles digw
charging industrial and domestic waste into the streams which traverse
whe Arsenal and to recomnend control measuvres for those facilities
requiring corrective action. Control measures should be conclusive and
sufficient ©o raduce all sources of contamination contributing to
stream pollubtion which originate from within the Arsenal, exclusive of
the Marshall Space Flight Center (NASA), to within acceptable limits,
A separate study of industrial waste a® the Marshall Space Fiight
Center is uelng condueted by Waltman, Requardt & Assoclates of Baltimore
Voryland during the period of 3 October 1965 tc 16 Junuary 1966,
BACKGROUND

Stream pollution has been a problem at Redstone Arsengl for
e

tempt to survey this problem on record

[xl

several decades, The first a

vas reported in November, 1943, by an Arsenal Toxlcologist, Harry

Gilman, Fe wreporved at that time that fish kills. in Indian Creek

were atitributable so the discharse of large gnounts of chemicals into

the creek, It was also nobed that fev fish, il any, were found above

the juncture of Indian Creek and Huntsville Spring Branch., It was 1952

before this proulem was studled again vhen lilles Prestage of the

Utilities Branch reported in July of that year, 'Huntsville Spring

Creek which received the untreated sevage from the city of IMuatsville,
and iﬁovs*“lal véSue from the Huntsville area is grossly pollutel

* s

velow the outlalls for its entire length, " The outfalls referred to

[
o
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are the sanltary outfalls vhich discharged untreated waste into

Spring Branch within the Tuntsville metropolitan area, In iMay. 1953,

industrial plants operating on the Arsenal were cited as contridutors
iy

to the industrial waste pollution of Soring Branch, These polluted

LR

conditions remained essentially unchanged during the 1952~1967
interin, The City of Huntsville constructed seware "Meaznenu facili-

tles during this period DUE the population of Huntsville expanded at

-

such an explosive rate that the sewage treatment reculrements have

alvays been greater than the capability of their facilities., This

point will be developed later in the report,

)

Redstone Arsenal created more industrial waste problems, compounding

) :

an already bad sitrvation, The indus
belng 1Dveszi gated by others and will not be discussed in this report.
In August 19573 the Redstone Post Engineers sousht outside hel» For

A &l 3

their stream pollution nrovlem by recuesting the Atlanta Resional
OfTice of The U, S, Public Health Service Lo conduct an indusirial
vaste survey at the Arsenal, Shortly thereafter, the Congressional

-

Subcomittee of Natural Resources and Power, Commitiee on Government
Operations, CO0th Congress, Nobert B, Jones Chalrman, directed the U, S,

Public Health Service to review water pollution abgtement practices at

this installation, Consecuenily, the Public Fealth Service investisated

uaste practices on the Argenal from an enforcement scandnoint for the

The..

Jones Copulties and not as a service to the Post Engoineers

m

Investization. disclosed vardQus yaste digwyﬁ_W‘Uractices in need of

reuedialaciion. In almost all instances cited some degree of

corracilve actlon vas taken, The Tennessee Valley Authority conducted




a stream pollution sbudy on the Arsencl during llovember 15-20, 106k,

to supplement the Public Health Service 8tudy and to assess prevalling

initiated It wasg the cons

conditiong after abatement measures had been .
VA ‘that Huntsville Sprinc Branch was still j ollUbeé wlth

cluslon of
aste,, Conditions vere agaln surveyed by the

industrial

Army Bnvirommental Hyglene Agency in September, 1965, hovever, the

report on this study has just been released. *

SCOPE OF ORI

A general scope of work to be perforied was set forth

L 1 June 1965, as follovs

Post Bngineers?! Letter, SUID-EE, dated

a, Su;cve g
(1) lzite a comprehensive investipgation and survey
T all fac ilities contributing industrial wastes into the streams
Redstone Arsenal and the streamns entering the aﬁsenal.

(2) TList the contwibutors by name and/or building

nunber vhere Clscharge effluents are found to be detrinental and re-

quiring corrective measures.
-3 - ] Ay > '| e o 4% ey . ey P
3) Recommend feasible means of adecquate avatement

v requiring corrective action,.

e
C' l'

v

control for each Facili:

(4) Por Funding purpose, provide separate cost

ed avaterent acition

estinate (design ercluded) on each recomw

required (excluding contributions from outside the Ar senal).

Ve Lenort

(1) Wil include the purpose and the requirement Tor

-

eliminavicn of stream pollutlon conditions existing at Redstone Arsenal

es of 1967,

¥ NeZe: 7—/§m Survmz veri Fied othen Wm&f@,

5




(2) Corrective actions taken Dy MDE industrial lessees

and agencies of the Army idssile Command, Redstone Arsenal.,
(2) Incorporation of items of wori listed under

.

Paragrapl la gbove and any other commenss deened appropriate,

- 3

(k) Reference the study being undertalien under A~k
contract Tor Marshall Space Flighv Center.

THE PURPOSE AND REQUIREIENT AS OF

The purpose and requirement for elimination of stream pollution
existing at Redstone was set Torth in the Presidentc's Directive of
December lh,‘l962 to the Department of Iealth iducation and "elfare,
charglng them to ilmmlement section 9 of the Federal Vater Pollution
Control Act (33 USC hiSth),

In this letter the Presicdent wrolte:

act thav we do not have fully

b

"I share *an' concern over the
fTectlve programns vo control water pollution at all Federsl Installa-
tions., The Govermuent should set an erample in the abatement of water

pollution, and I hope the deflciences noted in your report (WASTE

{ATTR DISPOSAL FRACTTCES AT FIDFRAL INSTAILATIONS, a- serie 8 of 58
reports) will be corrected at the earliest possible %ime,”
THE AR M”A

Fimure TI is a generalized nmap of the Redstone Arsenal Reserva-
tion. The scope of this study covers facilities which discharge waste
into Huntvsville Spring U*aach. The Architect-Bngineer for NASA is
studying the facilities vhich discharge waéte into Indian Creek.
Juntsville Spring Branch flovs southwardly from the City of Huntéville
and crosses f{rom €ast to West, the southern half of the reservation
where 1t joins Indian Creek approxmimately 5.5 miles above the Tennessee

River invo vhich it then empties.

7




TNVESTIGATIONAL PROCEDURE

On~-site inspection and plant interviews were conducted from

.

27 July through 30 July 19563, of all facilities which discharge liquld

1.

waste to determine quantities and constituvents of the wasite, It -

o

vas also the purpose of this investization to reviev the abatement
measures that had been initiated by the industries clied by the

U, 8. PU“llC Tealth in 1953 as major comtributors wo the pollution of

RN

Buntsville Spring Branch. ter completion of th rhase of the
iy i

1.

study a sampling program vas formulated with the ald of the Post
Engineerts Utilitles Division %o evaluate the adequacy of the present

to assess the prevalling

)
‘_l
{RN
c
e
o
™
o]

ndustrial wvaste “reatment T

[ER

=3

conditions, The intensity of the saupling prosram was governed by the
Tact that the investi ators have been working closely with the problem
since the first survey in 1903 and have had the advantage of several
nrevicus stulies,

Some of the sampling stavions were selected to correspond to

those in previous studies, thereby'ailoving a comparison; ochers
vere selecteld for control and additlonal checl: points, Descriptions
and designations of these points are given in Table I and ave showun on
The map in Fisure IT. The Post Engineer Utilities Division collected
sauples at these stations during Sepbember 1905, and performed all
analyses except those for the chlorinated hydrocarbons., These latter
analyses were performed vy the U,S,P.H.8., Robert A, Taft Zngineering

229

Center, Cincinnati, Ohio, The center had a backloy of work when the
-

samples were received and it vas mid FNoveriber, 1965 before the resulis

becane available,

e
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WASTE SCURCES

TNDUSTRIAL

v

Amoung those facllities surveyed were:

Olin Mathieson Chemical Corpofation.
Staviler Chemical Plant No, 2

Wittichen Chemical. Company

General Aniline And Film Corporation
Thickol Facilities

Rhom And Haas

AMC, Research And Development Directorate
Sevage Treatment Plants 1, 3 and L

City of Huntsville Sevage Treatment Plant

OLIN MATHIESON CHEMICAL CORPCRATTON

This'plant produces from 1.5 to 2,0 million pounds of DOT
insecticide each month on a conltinuous operating schedule. A solution
of DDT is produced by conbinling mono~chlorobenzene with chloral in a
batehing operation. After the DDT solution is washed three times, once
with water once wilth a cauvstic solution then a second time with water,

n

t is solidif

F

led, ground and bagped. Chloral production is an interme=
diary step in the process accomplished by reacting chlorine with
acetaldehyde which forms hyclrochloric acid as a waste product, Sule
fonic acids are formed vhen chloral is dried with sulfuric acid; the
sulfonic acid and unspent sulfuric acld are passed through a crushed

limestone neviralizing bed before they are discharged into a waste
ditech., This plant discharges gppro;imately L.5 MGD of waste water
containing DDT from the washing process, monowchlorobenzene, chloral,

sulfuric and sulfonic acids into the 5000 area waste ditech,




In order to correct the deficiencies pointed out during the 1963

»
U.5.P.1.8, sufvey; Olin construcfeé a TSSO‘ga11Cn settling“tank w0 re-
move DDT from the final plant effluent and purchased a continuous
sampler and a gas chromatosraph. The chromatograph as of the date of
this investization has never operated properly and the DDT settling bank
was filled to the overflov with solids, The tank had been emptied

once since it was placed into operation and appears to function satis-

Tactorily if the DDT solids are removed as required.

STAUFFER CHEMICAL COMPANY, PLANT NO, 2

The Stvauffer Chemical Company operates two caustic chlorine plants
on the Arsenal, each an exact duplicate of the other and each produces

50 tons of chlorine and 56 tons of sodivm hydroxide solution per day.

This study covers only plant No, 2 which is located in <the 5000 area.

Chlorine and sodium hydrozide are produced by the electrolysis
of sodlum chloride brine. The basic raw material, sodium chloride,
is treated with sodium carbonate to remove the caleiwn and magnesium
Impurities vhich produces approximately 500 lbs/day of solid waste,
The chlorlne is stripped from the water with steam and the sodium
hydroxide is concentrated in vacuwm evaporators. The plant dis-
charges abprorlmauelv 3.5 MaD of waste water which combines withAthe
effluent frow General Aniline and Film Corporation before emptying into

the 5000 area wasie ditch downstream of the DDT plant.

As a result of the U.S,P.H.S, investigation in 1963, the Stauffer
Company took remedial action by constructing a sedinmentation basin for
the removal of chloride and magnesivm solid wastes and two recovery
tanks to collect a 15% sodium hypochlorite solution. The effluent

from the sedimentation basin discharges through a marsh area into

10
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Hontsville Spring Branch and the waste from the recovery tanzs is

alloved to discharge at about2 GF into the indvstrial waste ditch.
The chlorine cooling tower discharges waste water having a temperature
of 210° F., and containing a minimum of 400 mg/l of chlorine from

an incorplete stripping proeess into the 5000 area waste ditch along

with spent cooling water from the ammonia condensers and the refrizeras

tion units,

THE WITTICHEN CHEMICAT COLIANY

The Wittichen Company produces approximately 5000 gallons per
veek of lauwndry bleach, 15%. sodiunm lvnoc?lO“lte,vin 2500 gallon
batches by Introducing licuid chlorine into a tank of sodium
hydrozide sclution, This process consumes 50 tons per week of
chlorine, obtainedfrom the Stauvfferts No, 2 Plaau by direct pipe
conneceion, and 5000 gallons per week of potable water. The waste
water, wasghings from the batch tamks and chlorine cylinders, amounts o
goout 100 GPD and is allowed to discharge into the sedimentation

ditch used by Stauffer for the removal of carbonate impurities.

GENERAT, ANTLING AND FILM CORPCRATION

This corporation produces 50,000 1bs per month of purified iro
(Pentacar oonyl) by pelletizing crude sponge iron amd then reducing it

with hydrozen. The iron is then heated to yield a purified iron
pouder, Two waste sireams leave the plant: one siream comes from the
cerbon monoxide gas scrubber, which is a flcw ranging Ifrom 200 GFE to
500 GTH conteining traces of ammonie, and the other wastg stream is

one-pass cooling water, a flow of approximately 30,000 GPO, The

11




into Huntsville Spring Branch. The cooling water passes through

waste stream from the scrubber dischaerges into a marshy ares draining

.

four settling tanks before 1t 15 released into the 5000 area

industrial waste ditch,

RCHEM AND HAAS

Rohm and Haas develop and conduct research on propellants at the
Arsenal, The wastes from this operation are varied and occur usually'in
small gquantities. Because of the nature of the operation, waste
disposal is well controlled., There is no water used in the process;
the only water wasted comes from washing the floors and equipment.
This vater flows through sand filters in the floor sumps, where
solids are removed befors the water is emptied into drainage &ifches.
All solvents and solid wastes are routinely collected in hazardous
waste contalners and desensitized before disposal.

THIOKOL

The Thiokol Company also develops and conducts research on
propellants and the wastes are much the same as that of Rohm and Haas.
The explosive materials are taken to the Redstone demolition area
for burning end disposal. Sump plts are used to collect the solid
materials from the wash water in the floor drains after which this
water 1s transported by drainage ditches to a swamp ares that drains
into Huntsville Syhring Branch., The disposal of all waste materials
from this operation is well controlled,

BSCARCH AND DEVELOPMENT DIRECTORATE, AC

This directorate operates numerous shops and laboratories on the
Arsenal. The liquid wastes from these buildings are test-tube quantities

and bhave caused no known problems.
12
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The wvaste from the developing process at the RCA Photo and

sanltary sevage collection systen that serves treatment‘Plant No. 3.

A toxic compound of potassiua and cyanide is contained in this effluvent
in concentrations of 30 mg/l but apparently causes no difficulity at the
sevage treatment plant,

SOURCES CF VASTE

Domestic

The domestic sewage on the Arsenal is treated by three trickling
filter plants, eleven aercobic dlgesiilon plants, one Imhoff system and
many septic tanks, The three major plants are well operated and are
performing satisfactorily. Sample data collected from the trickling
Tilter plants are shovn in Table VIIT,

TREASBENT PLANT 0, 1. This plant, located in the 7000 area, has

» 7

a rated capacity of 325,000 CGPD, The flovws recorded during the sampling
period ranged from 500,000 GPD to 140,000 GPD. 3Iven vhen the plant

vas hydraulically overloaded at 500,000 GPD, the B,0.,D. reduction

was 89ﬁ efficient, The data also indicate hat suspended solids are

gatisfactorily removed.

TREATMENT PLANT NO. 2, This plant, which is located in the 4000

area and serves the NABA complex, has a rated capacity of 600,000 GPD,
The flows at the tine of sampling ranged from 1,775,000 GPD to Q,OOO,COQ
GFD. The minimm effiency of B.0.D, removal was 80,7%, Suspended
material was effectively removed. This plant, though hydraulically
overloaded, does a satisfactory job of reducins the B.0.D. and removing
settleable solids,

TREATMENT PTANT WO, k4. This plant, located in the 3000 area, has

a rated capacity of 813,000 GPD. The data collected shows that the

13
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plant performs well yielding a winimum B.0.D, »rzduction of 90.2% and
effective removal of susPendedISOliés. Difficulty in operation of

the primary settling tank 1s experienced at this plant becavse of the
poor inlet features., “lfater stands in the inlet channel at all times
causing the channel to function as a settling tank. The buildup

of solids in the channel requires continual cleaning.

IMHOFF TANK AND PACKAGE PLANTS, Records are not available

to indicate the efficiency of the 8erobic digestion mlants, the septic
tanks or the Imhoff tani, There have been no reportied problems with

these systems and all gppear to function satisfactorily.

THE CITY OF HUNTSVILLE SITAGE TREATMENT PLANTS. The city of

Huntsville has a 10 ¥GD activaved sludge sevaze treatment plant
located on South Memorial Parkhwvay eand discharges its effluent into
Huntsville Spring Branch approvimately one half mile before the strean
enters the Arsenal meservation., The present average daily flovw through
this plant is 17-20 MGD but during periods of heavy rainfall flows
of 30-40 MGD have been experienced, Even at gverage flows the plan
is ot least 70% overloadzd and at meak flows most of the untreated
sewage must e byspassed,

The City has under comstruction a 2.5 MGD plant approrimately
one mile above the Tennessee River along Aldridge Creel in the
Whitesburg Community. Operations swould begin at this plant early in
1966 but it will receive only a small portion of the flov (an estimated
100,000 GPD) now goihg to the main plant and relief to the main plant
will be nepligible.

Now in this conceptual design stage is a 20 MED expansion to the
wain treatment plant vhich The City anticipates having operative within

the next three or four years, ,
14
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STREAI DATA - HUNTSVILLE SPRING BRANCH, Sampling stations were
established along the route of Hun%sville'Spring Branch so that condi-

o

tions of the stream could be checied at a point upstirear of the
Hunteville Sewaze Treatment Plant, at the point of effluent discharge
of the plant, immediately after it entered the reservation and gt
critical pointe along its course within the Arsenal,

The Hunstville Spring Branch, before it reaches the Huntsville
sevage treatment Plant is high in D.O., averaging above 11 PPM for the
sauples collected, and lov in 5«day, 20° C Biochemical Oxygen Demand
(BOD). The nerimum obseirved BCD is 3.3 PP, Measurements were not made

. .

of the flow in this stream but it is known to be small when compared

To the treatment plant effluvent and therefore provides very litile,
1f any, dilution or assinmilative capacity. Bffluent from this »lant

cbntribuies vhe major flow in the strean at this point and as it
envers the reservation. B.0.D. exertion is evident at the Hunbsville
reatment Plant and increases p.ogressively until the D.0. is zero at
clon 5.7, Spring Branch and Patton Road (shown in Table II),
Coliform counts wewe 110,000 + MPN/100 ml in the stream as it entered
the Arsenal {showmn in Table IV). The stream continues to be grossly
polluted with orpanic material as it enters the Arsénal,

Analyses of samples collected in the strean, station 5.7, after

]

it recelved the effluent from the city of Huntsville and Arsenal
Treatment Flants one and four, demonstrated g B,0.D. of approximately
29 PP and a D.O, of zero. A D.0, of 1.5 PPM and an average B.0,D. of
17.5 for the samples collected were observed at station H 4,7 which
indicated that the exertion of the B.0,D. was nearly complete at this

point.

Analyses of samples collected at station HW.7, about 0.2 miles
15
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downstrean from the pqint of waste dlscna“co from the 5000 industrial
area were now Svfrickent in numder ©o ieveal the wide fluctuétion or

parameters at this station., THowever, obgervations mede at station VD
(shown in Table III) throughout - the ysar indicate the trends of the
constituents in the 5000 area waste ditch., The pI varies fron 1.8 <o

10.5 for the combined indusitrial plant discharzes, Dissolved solids

varied greatly, frow 222 to 5200 Dpii. hlorine varied from z2ro o

- o

10.3 PP, Chlorides in the 5000 avea were checked only at the Staulfer

No, 2 plant for three different periods during the 1955 calendar year,

-
The wanimmn chloride concentration for the samples collected vas
545 PR (Data not conmtained in this report). Chloride concentrations

at station H 4.7 froa 43,0 PR to 227.5 PP for the garmple s

jeT]

v

]

vari
collecied (shoun in Table IT), Chemical oen denand (coD) of <he

strean in the vicinlty of the 5000 industrial outfall increased from

1.0, as might have been antlcipated.

T ry

cation H 5.7 to station T

w

Analyses for DDT, DDD ané DDE concentrations were performed in
hoth water and bottom mud samples (sample dava are shown in Tables VI
and VII). Quantities of DDT in the Olin Mathieson Bffluent varied from
1,787 PPB to 15,250 PPB for the samples collected. DDT concentratlons

.

varied av I E.T, Just below the indusurial traste diteh outfall, from
83.5 PPB to 110,73 PP3; belovw the juncuure of Indian Creel and
Tuntsville Spring Branch, I 4.6, concentrations varied from 0.5 PPB

to 1.3 PPB., Analvses of bothom mud samples indicated subsiantial

<

Seposits of DDT in the bottom of the industyial waste ditch and the Dbed
of Huntsville Spring Braanch., The quantities of DDT in the mud samples

diminish as the distance Trom the source increases with concentrations:

renging from 2,236 PPM ot station WM to 9.26 PPM at station Ih.0

15




GUIDELINE STAINDARDS

To assist in the control of waste disposal and stream wollution

at Redstone Arsenal, the Tennessee Valley Avthority proposed guidelines
Tor limiting mesiumum concentrations of materials injurious to public
health or to fish and wildlife, These standards were presented to the
Post Engineer at Redstone Arsenal in Sepbember 19 vith the concurrence
of the Bxecutive Secretary of the Alabana Water Improvenent Commlssion

and the Reg 1onal Program Director, Water Supply And Pollution Control,

Reglon IV, Public Health Service. .Thesge collowing Lentasive ocuidelines

anply to the waters of Iunisville Soring Branch and Todian Creel after

they have mixed with Redsione Arsenal vaste;

DIT weswrrmmrmmane e amne= Noi more than 10 parts per billion

PHewmcmmn e e Betirgen 5.5 and 8,5 excepv that pH may exceed
3.5 when due to photosynthetic e¢¢e0us

Chloring =w=mremeccmmeeme ot more than 0.3 pars oer million
e a4 g

Chloridesmmwmmmmmmnmnew Mot more than 500 parts ner million

Dissolved Oxygen =ww~w- Not less than 4,0 narts per million

Cyanide mwmewmmomewemwes Not more than 0.025 part per million

=T

Monochlorobenzene w=w=w-w- Not more than :.O parts per million

2 A

Other wasi@gwmrmwmmmmn~w ['one singly or in coubination with others in such
concentrations or at such teuperatures as to
be Injurious to the »ublic health or to Fich
or wildiife

TVA made the followlng stipulations to these proposed guidelines:

1., These are only guldelines, or tentative standards, and will
be subject Lo change as nev information indicates the need,

2, These guidelines will, apnly only es lons as the present water
=] Py o o/ ] i

uses are in elfect. TFuture chanses in the water uses, such as municipal

water supply, way recqulre revisions,

17




CONCLUSTORS
1. Huntsville Spring Branch, This stream continues %o be

TR | n

grossly polluted as i

! » o
A

enters the Arsenal In a condition ¢

j&1)

=

evold o

[
[¢]

F)

oxysen and high in organic matiter. No immediate relie? isg anticipated
Tor this condition as it is contingent upon the City of Huntsville
providing suflicient sevage treatment. City officials relate +that
effores ave nov underway to provide adecuate treatment but this, at
best, will be no socner than three years avay, More realistically,

IR

e

LN

it will Dbe five years before adeqpaté treatnent facilities could
placed into operation,

2. Olin Mathieson Chericsl Commanv. This plant continves to
discharie toxic pil and toxie concentrations of DDT. Chlorine in the

1

waste dlscharge Goes nol appear to be a provlem any longer.' The
sedinentation tan:, designed for DDT removal and dlaced into operation
in January 1965, has not been satisfact rily maintained and operated.
Although the solids have been removed from the +tank on o occasions,

ot

the tank was observed to be filled to the overflow with solids during

this survey, The gés chromatosraphy egulpment purchased by Olin
Tor measurement of DDT in winute concentration has not funetioned
properly since 1t was ovtained., Acid spillages in the plant grea have
not been adeguately contirolled., DDT deposits rermoved from the bottom
of the industrial waste Midlwee‘ﬁmﬂﬁialmn'mekmmm of the

diteh in the »nrodinity of -
A o

-

he plant,

3. Stauffer Mo, 27 Flamt;:. The sebiling ditches dug by Staufler
to remove carbonate vastes appear to function well but need cleaning.
Chlorine contailned in the effluvent appears Lo dissipate in the open
channel belore the point is reached where the Stauffer and Olin wastes

enter the channel., Toxic pH and a wide Tluctuation of dissolved solids

continue to characterize the plant effluent,

15




wash wabter that is wasted

l

o General Apiline And Film Corvor
this »lant containsg no appreca‘.a’:ale PO

Wittchen Chemical Commany.

~ation. 7The waste effluvent
ollutvion,

There 18 no conbinuous dis~

charge of waste Trom this plant; the small amount oX cylinder and tank

does not contribute to the pollution problem.

5. Thiokol Facilities And The 0hn And Haas Company. Vaste

disposal practices at these plants ave adequately controlled at this

vime .

T. Sewase treatment Ylanys One,

adequate breautment. Difficult operations of

“

Taree and four are providin

the prisary clarilfiexr

are exmerienced at muber Ffour plant bult this appears to be only 8

“ Ty

factory., The Tinal effluent is not chlorinated at any of these planis.

G. DDT Deposits.

along the hovton of the 5000 area industril

Theeler Neservoir,

RORS)

S

proposed by TVA cannot be cbbalned in Spring Bi raneh until the City

of Huntsville provides adecuate sevay
10, The methols and frequency ol

1}

s Division are insulficlent to

=
P
£
ft
[N
o
bl
®

the streans on the Arsenal,
11. Degulatory Agencies have nob

dirveciion to the personnel involved in

There are subeLa

nuisance Ffactor a8 B.0.D. and suspended solilds recductlon are satis~

al, deposits of DDT solilds ‘

al waste diteh and in the bed

g The niinimunm &ssolved oOgycen concentration of L, 0 PP .

s
Treatnent,
the Sampling Program by the

provile adequate surveillance

provided sufficlent gulcance ow

the administration of the pollue

tion abatenent progream at the Arsenal. Tucre have Deen no specified

n

T

12, Yaste Disposal Practices of

19

suidelines until the TVA proposed tentative Standards in Septeuber

the industrial tenants 1ln the .




5000 area have not been adeqguately convrolled by the Goverimgns,

RECOILZENDATT ONS

1. The guildeline standards proposed by TVA should be e@force@
to the fullest erbent pra cbic ble froz vithin the Arsenal Reé@TVation.
Consideration should be given to the Tact that Huntsville Spr ing
Branch is owvganlcally polluted when 1t enters the Reservatvion,

2. The resgponsibility for the surveillance of pollution abalement

o

on the Arsenal should be élearly defined, The organization which is
assigned <this responsibility shouvld establish a regular progsram of
sampling and one~site investigations for positive control. The sampling
program suovld include continuvous sampling monlitor stations wit
recording headls located at critical points along Iunvusville Spring
Branch, such as at IT h.7>and I L,5.

Ic is’recommended that a nev vaste ditéh be exncavated

in the 5000 area but only arfter assurance hés been given that the dis-
charze fron the DDT plant will not cormtaninete the new ditch.

L, The Mchile District Office, U, 5, Corps of Engineers should
require its industrial. tenants in the 5000 avea to talie the measures
required to reduce industrial. contamlnates to within acceptable
limits,

5. Indications are thab resuspension from the DDT bobiton
deposits of Theeler Reservoir will be in concentrations less than the
proposed maxiiwn upner lwmlb of 10 PPB, Any attenpt to remove bobtom

deposits from Wheeler Reservoir or to rechannel Funtsville Spring

.

Branch will create a worse condition than now exilsvs, Hovever, as soon

-

as funds become avallable deposits on the botton of Hunitsville Spring

- £y

be investisated with a comprehensive core-boring -

C by

Branch should
program o detvermine the ertent of contamination in depth and coverage.

20




Vol o . . o kS . KB . N .
O, Tter the City of Iumtsville ceases o pollute Spring Branch,
the Tinal effluent from the rajor sevare treabtment plants on the

Arsenal should be chlorinated.




TABLE T

SAMPLE STATIONS

, ™
e

Corresponding Sample Station of
Previous Studies

Sample Station¥ Location | PIS Sept. 1963 | TVA Dec. 1964
1173 Huntsville Spring Branch at Johnson Road
H 10,40 City of Huntsville Sewage Treatment Plant Effiuent
H 9,45 Huntsville Spring Branch at Martin Road H 9.h5
M 1.25 MeDonald Creek at Martin Road M 1.25
B 7.h5 Confluence of McDonald Creek & Huntsville Spring Branch | H 7.45
H 5.75 Huntsville Spring Branch at Pabbon Road . H 5.7 STA 1
H 4.7 Huntsville Spring Branch Downstream of Waste Ditch : H b7 STA 2
H 2.55 Huntsville Spring Branch at Dodd Road : i 2,55 STA 3
I Lo Indian Creek at Firing Range Bridge i I L.66 STA 7
!
5000 Area Waste Ditch :
WO Olin Mathieson Effluent i
WS Stauifer No, 2 Effluent ;
WD Wagte Ditch Flow Just Before Discharge Into Hunisvilie
Spring Branch ‘
WU Bottom Sample of Waste Diteh, Upper End .
WM Bottom Sample of Waste Ditch, Middle §
WL Bottom Sample of Waste Ditch, Lower End i
4000 Ares ‘
SNI Stauffer Plant No, 1, Industrial Sewer Manhole
. !
¥ Egtimated river miles above mouth of stream.
o H = Huntsville Spring Branch
Q] M = McDonald Creek

I

- Indian Creek
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TABLE IT

STREAM SAMPLES

ACIDITY OR DISLVD o

SAMPLE DATT TIME TEMP ALKALINITY SOLIDS  D.O. 0o B.0.D. CHLORINE . CHLORIDE
STATION - 3965  CST . pH __PPM PPM_ PPM % SAT PEM PPM PPH
H 11.73 9-8 1055 29 8.4 120 15,1 195 2.6

09-9 1005 26 8.0 103 11,2 136 3.5

910~ 0900 26 S 137 114 139 2.6
H 10,k0 SIS 1115 27 7.6 240 2.4 29,6 65

Qs 1035 27 T 303 2.0 2h T 65+ ¢

9-10 0935 27 7.4 359 2.5 30.9 68.8
H 9.h5 oS 1135 29 7.k 2ho 1.8 23.1 27.1

G~9 1055 28 7.3 226 3.2 40,5 19.5

9~10 0955 27 7.3 240 2.4 30,4 4.3

1-15 0935 17 7.3 Bicarb 173 205 0.0 31.0

11-15 0920 17 T4 Bicarb 190 0.0 hg.o

11«17 0920 13 7.2 Bicarb 188 240 b1 30.5
M 1.25 o8  11k5 23 7.3 137 L2 13.3 3.6

9~9 1105 20 Te3 120 3.5 38.0 h.9

9-10 1015 2k 7.3 120 3.5 hi,2 3.8

See TABLE IX for Flows

" Anglyses by Redstone Utiiities Division on Single Grab Samples

¢e
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TABLE IL - Cont'd

STEAM SAMPLES

ACIDITY OR DISLVD
SAMPLE DATR TIME TEMP ALKALINITY SOLIDS D.O. 0o B.0.D. CHLORINE CHLORIDE
STATTON 1965 ¢sT °g ¢ St PPM PPM PPM % SAT PP PPM PP
H 7.h5 9wl 1035 27 7.k 15k 0.2 2.5 30.8
9=9 1125 25 Te3 240 0.0 0.0 18.5
9-10 1030 27 7.2 255 0.0 0.0 35.2
9-9 0820 25 7.3 2ko 0.0 0.0 19.6 0.0
9~10 0800 26 7.3 2L0 0.0 0,0 184 0.0
922 0815 33.0
9-23 0815 26.5
11-15 0925 - 17 7.3 Bicarb 182 188 0.0 36.5
11-16 0910 17 Tl Bicarb 130 0.0 0.0 0.0 3%.0
11-17 0910 15 Tl Bicarb 193 20 37.5
H b7 9-8 1000 28 7.5 171 1.3 16.5 4.8 0.0
G=g 0835 26 5.5 2ho 0.8 9.8 13.5 0.0
9-10 1050 28 6.8 240 1.5 19.0 17.6 0.0
9~22 0925 - 145.,0
9-23 1035 48.0
S11-15 0945 19 3.1 Acidity 53 769 0.0 213.5
11-16 0935 20 Te5 Bicarb 156 0.0 197.0
11-17 0945 18 T.h Bicarb 191 550 0.0 227.5
o See Table IX for Flows

Analyses by Redstone Utilities Division on Single Grab Samples



CAMPLE

SATTON

o

H 2.55

Gz

E  TRP
ST °0
0825 26

10 25
0815 26
0835 17
0835 18
0830 15
0850 27
0925 27
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TABLE IT - Contfd

TEAM SAMPLES

ACIDITY OR DISLYD
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,,:) D D)
3 . .
b HREPLE STATION WO sunz STATION ¥s . SANPLE STATION WD
LIk n“r:qp:snn._:rm;t_n . ) STAUFFER. NO. 2 EFFLUENT “WASTE DITCH BEFORE DISCHARGE INTO SPRING BRANCH
e Tim ";k" A":; :'T::‘ , - Wydrx. Min.  Disivd, “hydrx Hin. Histei
. . 5 , . . '
o w W wi ot .C'I;I_ F:;; ::; 'c':'i' iy " :51 ::;7 P I Bts T T My deid solles’ £l Flowd.
- — — = — — —_ — = 8t n s, W &l Ryl w0 wes, o5 %¢  eh syl /i wi [T
m :02:: :: . ;: gg :46 1300 0.00 1.58 9-14 1210 1.4 0.0 0.0 171 13.0 3.73 9-14 - 1130 4.0 0.0 25.0 700 0.00 5.5 .
.9 % 10 3.5 . 10 650 0.00 9-22.° 1005 38 7.1 0.0 0.0 188 5.5 9-22 0940 31 6.3 0.0 0.0 511 0.02 .
23 ¥ B 0.0 750‘ . 699 0.00 9-23 '1110 .34 6.8 0.0 0.0 188 10.9 i 9-23 1045 33 6.7 0.0 0.0 445 0.00
OTHER SAMPLES BY. REDSTONE 2 . , .
STATION | STATION 2 STATIQ' 3
1.5 1120 16 = 8.4 0.0 0.0 154 0.0 0.85 1-5 1110 21 82 0.0 0.0 342 3.8 2:70* 1-5 1110 26 8.1 0.0 0.0 291 1.20
2-19 1305 21 2.9 0.0 0.0 0.83 2-19 1305 32 9.5 0.0 4.7 2,43 2-19 1305 29 6.5 0.0 0.0 0.05 . .
3-11 1045 20 2.8 0.0 87.0 769 0.0 0.68 3-11 - 1045 25 1.5 0.0 0.0 410 3.8 2.64 3-11 1045 24 6.4 0.0 0.0 195 0.40
- 47 1010 29 1.6 0.0 1200 £300 0.0 0.75 . 47 1010 19 7.8 0.0 0.0 718 5.2 2.81 4-7 1010 a1 2.7 0.0 105.Q 160 N
4-12 1435 28 2.2 0.0 412 1300 0.02 4-12 1435 34 7.2 0.0 0.0 256 L9 4-13 0925 31 7.9 0.0 0.0 410 0.10 .
4-14 0915 25 2.3 0.0 64 700 0.0 4-13 0918 33 9.6 0.0 0.0 500 4-14 ° 1000 32 8.0 0.0 0.0 428 0,50
4-14 1000 28 2.6 0.0 718 0.0 §-14 1005 35 6.6 0.0 0.0 393 3.6 4-15 0910 28 . 5.4 0.0 0.0 325 0.14
4-15 0855 26 2.4 0.0 65 735 0.0 4-15 0900 28 6.5 0.0 0.0 325 4.2 4-16 1500 33 4.4 0.0 0.0 250 0.05 b
4-16 1000 26 2.5 0.0 69 150 0.0 4-16 1005 31 7.7 0.0 0.0 1000 3.5 4-20 1015 34 6.3 0.0 0.0 600 0.67 .
420 1010 30 3.0 0.0 780 0.02 4-16 1500 33 7.2 0.0 0.0 188 3.5 . 4-21 0940 N 5.9 0.0 0.0 570 0.03
_.4"21 0930 30 3.1 0.0 1090 0.0 4-20 1010 36 6.5 0.0 0.0 600 2.8 4-22 34 6.7 0.0 0.0 320 0.15
4-22 1445 32 3.4 0.0 750 0.0 4-21 0935 32 8.2 0.0 0.0 490 3.0 4-22° 1445 34 6.0 0.0 0.0 699 0.14
4-23. 0920 29 2.6 0.0 120 855 0.06 4-22 1445 36 1.5 0.0 0.0 511 3.9 4-23 0925 34 59 0.0 0.0 511 0.06
. . 4-23 0920 -36 6.9 0.0 0.0 479 1.7 4-29 1430 33 8.0 0.0 0.0 359 0.40
5-10 1330 36 3.5 0.0 900 0.0 1.13
5-11 1020 30 3.4 0.0 445 0.0 5-10 1530 “86 7.1 0.0 0.0 376 5.0 3.66 5-10 1530 36 4.7 0.0 0.0 560 0.02
5-13 31 2.9 0.0 116 1026 0.0 5-11 1020 26 7.4 0.0 0.0 410 5.7 5-11 1015 28 6.4 0.0 0,0 376 0.80
§-18. 0925 33 2.9 0.0 69 547 0.0 5-13 35 9.3 0.0 0.0 256 2.1 5-13 33 4.5 0.0 0.0 410 0.00
5-19 4.0 0.0 . 325 0.0 5-18 . 0920 36 10:.8  35.0 0.0 1400 2.9 5-18 0920 36 6.3 0.0 0.0 410 0.08
§-25 1100 34 2.2 0.0 266 1690 0.0 5-19 9.3 0.0 725 3.5 510 . 7.8 0.0 10,0 600 0.32
. . 5-25 1100 40 7.7 0.0 0.0 315 1.9 5-25 %100 37 2.5 0.0 105.0 970 0.03
6-2 0960 34 4.1 0.0 7 420 0.0 1.52 .
6-10° 1045 1.4 0.0 0 1620 6.0 6-2 0955 36 8.2 0.0 0.0 376 2.2 377 6-2 0950 34 6.2 0.0 0.0 376 0.00
6-15 1110 30 2.9 0.0 760 6.02 6-10 1045 11‘:2 111.0 0.0 . 2360 5.6 . 6-10 1045 10.5 26.0 0.0 1870 0.90
6-17 1000 32 1.3 0.0 1000 11970 0.0 6-15 1110 32 7.7 0.0 0.0 2000 12.3 6-15 - 1110 31 6.6 0.0 0.0 1540 4,50
6-21” 1500 2.6 0.0 940 0.0 6-17 1000 “36 2.6 0.0 116.0 1750 0.0 6-17 1005 35 1.8 (_).0 195.0 6200 0.00 i
§-22 . 1200 35 3.6 0.0 359 0.0 6-21 1500 3.6 0.0 . 410 0.0 6-21 1500 3.6 0.0 479 0.00 )
624 0935 35 3.3 0.0 30 376 0.0 6-22 1200 39 7.5 0.0 0.0 445 2.0 6-22. 1200 37T 6.5 0.0 0.0 410 0.00
£-29- 10100 36 3.1 0.0 25 342 0.0 6-24 0950 38 16.0 0.0 0.0 445 2.0 6-24" 0940 38. 9.0 0.0 0.0 495 0.60
) B 6-29 1010 41 1.6 0.0 0.0 769 6.4 6-29 1015 39 6.7 0.0 0.0 699 1.70
7-1 1040 34 3.9 0.0 14 325 0.0 1.92 :
T-T 0940 - 34 3.2 0.0 - 376 0.02 7-1 1040 40 10.0 0.0 550 2.0 4.38 7-1 1040 38 9.1 . 0.0 0.0 359 0.01
7-9. 1350 " .35 4.0 0.0 30 479 0.0 7-T7 0940 33 6.7 0.0 0.0 699 .12.0 7-9 1350 37 . 6.4 0.0 0.9 376 0.01
7-13 1015 34 3.0 0.0 511 0.0 7-9. 1350 39 9.2 0.0 0.0 376 2.6 7-13 1015 38 4.7 0.0 0.0 325 0.00
7-20 1127 37 3.5 0.0 42 445 0.0 7-13 1015 37 7.1 0.0 0.0 342 5.4 7-20 1125 40 6.8 Q.0 0.0 428 0.00
‘7-22 37 3.7 0.0 32 445 0.01 7-20 1125 41 9.0 0.0 0.0 479 2.10 1-22 40 7.0 0.0 0.0 376 0.02
o T-3 0955 35 2.6 0.0 342 90 0.0 7-22 42 7.8 0.0 0.0 342 2.75 7-27 - 1000 39 3.2 0.0 57.0 1700 0.00"
3 7-29 1052 3.2 0.0 58 650 0.0 7-27 0957 41 10:8 115.0 0.0 1700 240 '7-29 1055 4.1 0.0 0.1 700 0,00 *
3 . . 7-29 1050 9.4 0.0 0.0 1250 20.20 .
8:3 1345 2.6 0.0 270 1539 0.0 1.23. B8-3 1350 2.6 0.0 170.0 2000 0.00
8-5 1020 34 1.7 0.0 1950 6500 0.01 8-3 1347 7.6 0.0 0.0 600 1.00 4.21 8-5 - 1030 36 2.0 0.¢ 750.0 2900 0.00
8-10 0935 36 3.5 0.0 5 1368 8-5 1025 35 8.0 0.0 ‘0.0 376 1.30 8-10 0940 7.1 0.0 0.0 1539 2,50
8-26. 0930 34 3.8 0.0 15 511 0.0 8-10 0930 40 9.0 0.0 0.0 1881 10.50 8-26 0935 35 4.6 0.0 0.0. 511 0.02
) 8-26" 0930 35 8.7 0.0 0.0 684 8.80
10-4 . 0950 28 8.8 0.0 17 Q 1.29 i " 10-4 0950 34 9.6 0.0 0.0 700 1.60
10-5° 1020 22 8.0 0.0 [} 0 10-4 0945 36 10.0 0.0 0.0 1250 3.0 3.75 - 10-5 1025 32 9.2 0.0 0.0 22_2 1.80
10-6 1025 25 1.6 0.0 504 0 10-5 1022 34 9.2 0,0 0.0 205 2.3 10-6 1030 32 1.9 0.0 125.0 6846 0.10
10-7 0915 25 6.3 0.0 0 0 10-6. 1027 34 8.8 0.0 0.0 540 3.1 10-7 0920 32 9.0 0.0 0.0 850 - 1.10
1058 . 1055 34 2.0 0.0 [ 10-7 0920 33 9.7 0.0 0.0 540 4.9 10-8 1104 34 6.2 0.0 0.0 470 1.60
10-12 0930 23 2.3 0.0 407 02 10-8 1058 25 8.6 0.0 0.0 4.4 “ 10-12 0930 32 3.5 0.0 325 2.70
10-220930 24 2.0 0.0 1160 0 10-12 0925 33 8.7 0.0 0.0 188 6.0 10-22 0935 2 43 0.0 0.0 479 1.60
10-26 0925 25 6.4 0.0 [} 0 10-22°0930 .34 9.0 0.0 0.0 445 3.2 10-26 0930 31 9.8 6.0 0.0 10.3
10-28-1055 %5 5.2 0.0 [} 0 10-26 0930 33 10.7 °51.0 0.0 1478 15.0 10.28- 1100 22 0 0.0 0.0 1539 7.1
B 10-28 1057 22 7.8 0.0 0.0 1265 19.8
11-2 0947 2:8 0.0 165 [} . 11-2 . 0950 9.0 0.0 0.0 1881 7.5
. 11-2 0950 9.7 0.0 0.0 1368 18.6 .
.. tAnalyses. by Redstone Utilities Division oa single grub' sumple\l. “Flows* b 4 e 1 Anili &S ffor N 2 bined < . . .
" 2See Pigure 1I for sample locations. ows® based on General Aniline tauffer No. 2 combined water consumption. TABLE m

3lows are estimated on the bases of water consumption, using the daily.average over the month indicated.




TARLE IV

COLIFORM COUNT

S =

MPN/ 100ML

DATE
1965 I 9.45 H 4T k6
9-8 110,000+ 110,000+ 11,000+
9-9 110,000+ 110, 000+ 11,000+
9-10 110,000+ 110,000+ 11,000+

TABLE V

CEEMICAL OXYGEN DEMAND

(COD~PPM)
DATE
1903 B 3.7 4.7 Ih6
9-21 5L.5 71k 27.7
9~22 45,9 51.8 21.6
9-23 40,3 57.0 16.8

Analyses by Redstone Utilities Division
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VASTE DITCH

SAMPLE DATE
STATTON 1965

Wo 9-21
9-22
9=23

WD g-21
9-22
9-23

5.7 9-8
b7 g=8
99
9-10

I4.8 9-8
9-9
9-10

TABLE VI

DDT, DDD_AND DDE

CONCENTRATIONS IN WATER SAMPLES

DT
ug/1

16,258,155
8,935.293

793 .90k
12k ,111
66 ,3hk

3.34%k4
83.601
27.961
110,320

1,300
0,546

DoD

ug/l

Masked
50,443
0,000

L7797
2.979
2.513

Masked
1,916
0.97h
3,001

2.505
3.096
1,057

DDE
e/

338,294
118,788
702.224

31.163
4,193
11,626

0,117
1.870
1,08k
2-903

0.532
0,831
0.241

Analyses conducted by U.S.P.H,S., Robert A, Taft Engineering

Cenbter, Cincinnati, Ohio on Grab Samples collected by the

Redstone Utilities Division,

* Pased on Water Consumption During Sept, 1965,

28




TABLE V?i

DDT, DDD AND DDE

CONCENTRATIONS TN BOTTOM MUD SAMPLES

29

SAMPLE DATE DDT DDD DDE
STATTON 1955 ug/ke _ug/ke _ug/kg
WU 91k 209,840,000 51,282,000 32,100,000
WM 9-15 2,408,755,000 57,692,280 189,000,000
WL Qmlh 2,3256,5640,000 107,500,000 180,000,000
k.7 9-1k 505,839.000 1,847,058.000 384,000,000
H 2,55 Om1k 14,705,900 14,515,400 3,12k 400
~ IL.5 o-1h 9,26k ,700 2,115,500 1,253,700
Analyses were conducted by the U.S.P.H.S., Robert A. Taft
Englneerlng Center, Cinecinnati; Ohio on samp*es collected
Ly the Redstone Utilities Division.
o~




TABLE VIIT

REDOSTONE SEVAGE TREATMENT PLANT

SAMPLE DATA

. DATE TIME TEMP SUS SOL D.O. B.0.D, . FLOW
PLANT NO, 1 1965 S °g pH PPM PPM PEM GPD
325,000 GPD
Influent 8-10 0830 25 (.1 L0 45,0
9-2 0900 25 7.0 1.6 2.k 18.5
9-3 0915 2k 7.1 2.0 2.k 25,0
Prim. Tank EFF 3-18 0930 25 0.2 24,9
9-2 1000 25 7.1 0.1 10,0
9-3 1015 ol 7.1 0.1 15,1
Plant EFF 8-18 1030 26 0.0 k.9 500,000
9~2 1100 25 T.1 0.1 5.9 2.3 280,000
9-3 1115 2l T 0.0 7.0 3.3 140,000
Plant Efficiency  8-18 89%
B.0.D. Removal o) 87.6%
9"‘3 87 . O(/{)

ot



TABLE VIII - Contl'd

REDSTONE SEWAGE TREATMENT PLANT

SAMPLE DATA

DATE TIME TEMP SUS SOL D.O. B.0.D. - FLOW
PEANT NO. 3 1965 ¢oT °¢ pH PPM PPM PPM GPD
500,000 GPD
Influent 8-18 0830 30 b 7.0 0.2 133.9
92 1030 30 (.2 10.0 0.0 115.8
9.3 1030 31 7.2 5.5 0.h 118.8
Prim Tank EFF 8-18 0930 30 7.3 0.1 85.7
9-2 1130 30 7.3 0.1 70.8
9=-3 1130 29 7.2 0.1 63.7
Plant IFP 8-18 1430 28 7.2 0.1 26.0 2,000,000
9-2 1230 28 7.3 0.0 0.5 20.5 1,775,000
9w3 1230 23 0.1 1.5 16.9 1,775,000
Plant Efficiency 38-18 80.7%
B.0.D. Removal 0n2 82.3%
9-3 85.8%

1€



PLANT NO, b
813,000 GPD
Influent
Prim Tank EFp

Plant EFF

Plant Efficlency
B.0.D. Removal

)

TABLE VIIT - Cont'd

REDSTONE SEWAGE TREATMENT PLANT

SAMPLE DATA

TIME TEMP SUS SOL D.O.
CST °Q PH PPM PPM
0800 30 6.7 5.0 0.0
0800 7.0 16.0 0.8
0800 7.0 3.5 0.7
0900 30 1.7
0900 7.0 Ok
0900 7.1 0,1
1000 30 5.7 0.1 2,0
1000 7.2 0.1 2.6
1000 Tl 0.1 1.2
90.2%
92.3%
93.0%

B.0.D,
PRI

183,0
148.8
168.1

130
81.3
104 .0

18.6
1.7
11.9

FLOW
. GPD

650,000
700,000
550,000



TABLE IX

STREAM FLOWS

DATE FLOW
1965 MGD
City of Huntsville
Waste Treatment Plant - 9-8 16
9=9 19
910 18
Huntsville Spring Branch
at Patton Road 2 9-8 3z
9=9 31
g=10 31
11=15 27
11.16 27
1L-17 27

= |

I

Measurement vy Plant Flow Meter.

Flow Estimated by using Staff Gauge
Reading and Veloeity Measurement,
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